Pollen morphology of 11 species of the genus Oxytropis DC. (Fabaceae) distributed in Turkey were examined with light (LM) and scanning electron microscope (SEM). Morphology of pollen grains shows isopolar, radially symmetric, tricolporate, prolate or subprolate, porus shape oblate or operculate and exine subtectate. The size varies with the polar axis from 19.52 -33.31 µm and the equatorial axis from 13.50 -25.82 µm. There are five ornamentation types: perforate at equatorial section and psilate at polar sections, microreticulate at equatorial sections and psilate at polar sections, microreticulate at equatorial sections and perforate at polar sections, microreticulate at both equatorial and polar sections and perforate at both equatorial and polar sections. Pollen aperture, shape and especially different ornamentation patterns at polar and equatorial section of pollen, as found in this study, appear to be important character. The findings of this study indicate the taxonomic implications of pollen morphology in understanding the similarity and relationships in the genus Oxytropis.
Introduction
The genus Oxytropis DC. belongs to the subfamily Papilionoideae in Leguminosae (nom alt. Fabaceae) under the subtribe Astragalinae of the tribe Galegeae. It is comprised of about 300 species occurring in cold mountainous regions of Europe, Asia and North America, and abundant in Central Asia (Jurtzev 1978 , 1988 , Lock and Schrire 2005 , Polhill 1981 , Polozhij 1994 . Polhill (1994) proposed 10 genera (Halimodendron, Caragana, Calophaca, Spongiocarpella, Chesneya, Astragalus, Astracantha, Oxytropis, Neodielsia and Gueldenstaedtia) under the subtribe Astragalinae. Among these genera Astragalus seems to be very close to the genus Oxytropis in morphological characters. In contrast Oxytropis differs from Astragalus L. only in keel petal (pointed vs. obtuse) and pod septum (arising from adaxial suture vs. abaxial) (Chamberlain and Matthews 1970, Özhatay 2000) .
In the Flora of Turkey, 13 species of Oxytropis have been described, three of which are considered as endemic (Chamberlain and Matthews 1970, Özhatay 2000) . Recently the genus Oxytropis has been revised by Erkul and Aytaç (2012) who reduced its species to 11 and considered only one species as endemic to Turkey. Simons and Chinnappa (2004) studied the pollen morphology and taxonomic status of North American Astragalus and Oxytropis. Land surface pollen-vegetation relationships in the foreststeppe, taiga and tundra landscapes of the Russian Altai Mountains was studied by Pelánková and Chytrý (2009) . Perveen and Qaiser (1998) studied pollen morphology of 157 species, representing 37 genera, of the subfamily Papilionoideae from Pakistan. The pollen morphology of sections Ammodendron Bunge, Onobrychoidei DC., Allopecuroidei DC. and Hololeuce Bunge of the Astragalus distributed in Turkey was respectively studied by Akan et al. (2005) , Ekici et al. (2005) , Pınar et al. (2009a) and Ceter et al. (2013a, b) . But the pollen characters of Turkish Oxytropis have not been studied yet in details. This is the first comprehensive pollen study in Oxytropis of Turkey.
The purpose of this study was to determine pollen morphological differences in Oxytropis of Turkey to throw light on the problematic aspects of taxonomy of the genus.
Materials and Methods
Specimens for the study were collected from the wild populations of Oxytropis. List of the species and this localities are provided below.
Oxytropis All the plant specimens studied are deposited in the Gazi University Herbarium, Gazi. The order of the species included in this study was adapted following Chamberlain and Matthews (1970) , Özhatay (2000) and Erkul and Aytac (2012) .
Pollen samples were prepared after Erdtman (1960) and examined by a Leica DM 3000 Digital imaging system microscope. For each morphological character, measurements were recorded based on 30 pollens and the mean value and standard deviation were calculated. During SEM, selected dry samples of pollens were placed on the aluminium stabs with the help of doublesided adhesive tape and coated in gold with vacuum (Altuner et al. 2012 , Çeter et al. 2013a , b, Pinar et al. 2009b . The images of the pollen were taken with Jeol JSM 6060 scanning electron microscope in the SEM laboratory of the Department of Biology, Gazi University.
Pollen terminology was adopted from Hesse et al. (2009 ) and Punt et al. (1994 , 2007 . Classification of the pollens shape was determined following Erdtman (1969) based on P/E ratio.
Results and Discussion
The main palynological features of the Turkish Oxytropis species that were examined are summarised in the Tables 1 -2 Figs 1 -2) .
Tricolporate pollens were commonly found in all Oxytropis species studied. Colpi were usually long and narrow (Clt: 0.34 ± 0.11-1.90 ± 0.16 µm, Clg: 13.89 ± 1.18 -25.06 ±1.29 µm), operculate, operculum membrane granulate. Pores were observed as oblate (Plg: 2.82 ± 0.39 -5.09 ± 0.35 µm, Plt: 4.79 ± 0.54 -9.18 ± 0.92 µm) and operculate, Operculum ornamentation was verrucate and granulate (Tables 1 -2, Figs 1 -2) . On the basis of pollen morphological characters, Perveen and Qaiser (1998) recognized 10 distinct pollen types in 157 species distributed in Pakistan. Pollen of Oxytropis were described as fine reticulate, prolate and subprolate with tricolporate aperture in the tribe Galegeae (Colutea L., Astragalus L., Oxytropis DC., Caragana Lam.) (Parveen and Qaiser 1998). These features were also seen in the present investigation. Ferguson and Skvarla (1981) also reported the similar types of pollen in the tribe Galegeae. The pollen types II, III and IV as recognised in this study are consistent to privious study on Oxytropis pollens by Perveen and Qaiser (1998) Some pollen characters of Turkish Oxytropis isopolar symmetry, namely radially symmetric polarity, tricolporate aperture, long and narrow colpus and subtectate exine support the similarity between the eleven species studied. Two types of pollens based on pollen shape characters and five types of pollens based on the ornamentations at equatorial and polar sections can be recognised in Turkish species of Oxytropis. The findings of this study indicate the taxonomic implications of pollen morphology in understanding the similarity and relationships in the genus Oxytropis.
